Results using videolaryngoscopy in pre-hospital rapid sequence intubation are mixed. A bougie is not commonly used with videolaryngoscopy. We hypothesised that using videolaryngoscopy and a bougie as core elements of a standardised protocol that includes a drugs and a laryngoscopy algorithm would result in a high first-pass tracheal intubation success rate. We employed videolaryngoscopy (C-MAC) combined with a bougie (Frova intubating introducer) in an anaesthetist-staffed helicopter emergency medical service. Data for adult tracheal intubation were collected prospectively as part of the airway registry of our unit for 22 months after implementation of the protocol (n = 543) and compared with controls (n = 238) treated in the previous year before the implementation. The mean first-pass success rate (95%CI) was 98.2% (96.6-99.0%) in the study group and 85.7% (80.7-89.6%) in the control group, p < 0.0001. Combining C-MAC videolaryngoscopy and bougie with a standardised rapid sequence induction protocol leads to a high first attempt intubation success rate when performed by an anaesthetist-led helicopter emergency medical service team.
Introduction
Airway management is a key element in pre-hospital critical care. Substantial variability in the success rate of tracheal intubation has been reported [1] . As the complication rate increases with the number of intubation attempts, most rapid sequence intubation (RSI) protocols emphasise the importance of success at the first attempt [2] . The best methods for laryngoscopy and intubation in pre-hospital RSI are still unknown.
Videolaryngoscopy seems to increase the first-pass success rate in critically ill patients [3] . Videolaryngoscopy is usually performed with a semi-rigid stylet pre-inserted in the tracheal tube. A bougie is usually used only with direct laryngoscopy. Case reports describe use of a bougie and videolaryngoscopy in cases of difficult airway producing good results [4] [5] [6] .
Based on the utility shown by such previous studies, we hypothesised that combining the use of videolaryngoscopy and a bougie routinely by anaesthetists would lead to high tracheal intubation firstpass success rate in pre-hospital anaesthesia. We thus implemented a new RSI protocol for our helicopter emergency medical services (HEMS) unit and carried out this before and after observational study to evaluate the change.
Methods
The study protocol was approved by the authorities in Helsinki University Hospital. Additional approval by an external ethical committee was not needed according to Finnish legislation, as only registry data were used and the study did not have an effect on the treatment of patients. The change in clinical practice was based on the development of the RSI protocol regardless of data collection.
We performed a retrospective observational before-and-after study using prospectively collected airway registry data, comparing airway management before and after the implementation of a new RSI protocol at a single HEMS unit. The primary end-point was successful tracheal intubation at the first attempt.
The HEMS unit (FinnHEMS 10) is located at Helsinki-Vantaa airport and serves a population of 1.3 million in southern Finland over an area of 10,000 square km. The unit is staffed by a crew of three members: a physician, a HEMS-crew member and a pilot. The physicians are anaesthetists (10 specialists and one advanced-level resident) working full-time in the HEMS. During the study period, 15 different physicians were employed by the service. The crew members are fire-fighters with extensive training in aviation and pre-hospital critical care. The unit is dispatched, criteria-based, by emergency dispatchers to the highest priority calls in pre-defined categories in which advanced pre-hospital critical care interventions are possibly needed. The most common dispatching categories are major trauma, cardiac arrest and unconsciousness. Ambulance crews can also ask an emergency dispatcher to dispatch the unit. The HEMS unit is dispatched annually~3000 times. The unit does not have a role in interfacility transfers.
A national database is used by all six HEMS bases in Finland. The database has been used since 2012, and from 2014 it also includes pre-hospital airway data [7] . The RSI protocol was implemented in one HEMS base in Finland during the study period and data from only that base was analysed. The data are entered to the database by the physician on duty. At FinnHEMS 10 base, the physician responsible for RSI validates the entries, and the data are supplemented by the hospital patient record system (diagnosis, outcome, etc.) by a study nurse to create a prospectively collected comprehensive airway registry.
A new RSI protocol was introduced in March 2015 to standardise practices and improve teamwork as recommended in recent guidelines [8] . The protocol is a comprehensive process description of the missions, including RSI, defining all actions from getting the alert to handing over the patient at the hospital. This protocol significantly changed practice regarding drugs and laryngoscopy methods. Methods used in implementation of the protocol in the HEMS unit included; education; disseminating information; face-to-face academic sessions with physicians; skill stations; and fullscale simulation training. The bougie is not commonly used in Finland and experience with videolaryngoscopes was hitherto rather limited in the study unit.
In the preparation phase of the new RSI protocol, pre-oxygenation is carried out principally by spontaneous ventilation through a self-inflating bag and mask with an oxygen reservoir using a flow of 15 l.min
À1
. Ventilation with a bag and mask is used when necessary, based on judgement by the doctor. If an oxygen saturation level of 98% is not reached or the patient is susceptible to rapid desaturation (obesity, pregnancy, lung pathology, etc.), pre-oxygenation is supplemented with nasal cannulae with an additional flow of 15 l.min
. Nasal cannulae are left in place during the laryngoscopy. An intubation set, including devices for plan B and C (see below), is always available at hand. Before induction, the physician briefs the team, and the pre-anaesthesia checklist is read out. The checklist ensures that, among other items, the positioning of the patient is optimal (if cervical stabilisation is not needed).
The laryngoscopy strategy is based on optimisation at the first attempt. Thus, laryngoscopy is performed by the physician using the C-MAC pocket monitor (KARL STORZ Gmbh, Tuttlingen, Germany) videolaryngoscope and the crew member acts as the airway assistant. After the vocal cords are seen, the crew member hands the physician the bougie (Frova Intubating Introducer, length 700 mm, diameter 3 mm, no stiffening stylet, Cook Medical, Bloomington, USA). When the physician has inserted the bougie into the trachea, the crew member passes the lubricated tracheal tube over the bougie and stabilises the introducer while the physician railroads the tube in to the trachea. Communication between the physician and the crew member during intubation is based on standardised phrases. Cricoid pressure is not used.
During laryngoscopy, the role of one team member is monitoring the patient and advising the physician to discontinue the intubation attempt if oxygen saturation falls to 93%, and to re-oxygenate the patient by bagmask ventilation. If the vocal cords are not immediately seen, the crew member and the physician take rapid pre-defined actions, presented in the laryngoscopy algorithm ( Fig. 1.) . The team is briefed about this algorithm and triggers for plans B and C before induction.
For induction, esketamine (1 mg.kg
) and rocuronium (1 mg.kg before induction, if increased intracranial pressure is suspected based on the history or clinical findings. Propofol is used for induction only for special indications (e.g. status epilepticus, or at the discretion of the physician for a patient with isolated traumatic brain injury and particularly high blood pressure).
In the historical control group, the methods, drugs or equipment used for RSI were not standardised but dictated purely by the physician on call. Traditional Macintosh laryngoscope and stylet, the C-MAC videolaryngoscope and bougie were all employed. Drugs used included fentanyl, propofol, midazolam, esketamine and rocuronium.
In this study, we included all cases where a HEMS team attempted intubation of the trachea in an adult patient (≥ 18 years). Patients in cardiac arrest were not studied as the RSI protocol is not applied. The data for the study group were collected for 22 months immediately after the launch of the protocol, from March 2015 to December 2016. Patients with the same inclusion and exclusion criteria in the year 2014 were used for the control group. The beginning of 2015 was left out of the historical analysis, because the RSI protocol implementation was already in progress. The same airway management indications existed and the HEMS team was dispatched based on the same criteria during both periods.
To estimate our sample size, we applied the published method for observational studies using binomial confidence intervals that suggested~250 patients would be appropriate [9] . Since we expected a very low failure rate for tracheal intubation we included data from at least 500 patients. With this sample size, an overall failure rate of 1% can be reported with an upper 95%CI of 2.3% [9] .
Normal distribution of the continuous variables was tested using D'Agostino and Pearson omnibus normality test. For proportions, 95%CIs were calculated using the modified Wald method. Categorical parameters were compared between groups with Fisher's exact test and Chi-square test, as appropriate. Continuous variables were compared with Mann-Whitney test. Analyses were performed using GraphPad Prism version 5.00 for Mac OS X (GraphPad Software, La Jolla, CA, USA). A value of p < 0.05 was considered to be statistically significant. Propensity matching was not used because we did not judge that the primary outcome would be dependent on the available patient characteristics (e.g. anatomical features of the patients are not included in the data set).
Results
Tracheal intubation was attempted in 733 patients after implementation of the RSI protocol (study group) and in 311 patients in the group before the introduction of the protocol (control group). The total number of patients fulfilling the inclusion criteria of the study group was 543 and 238 for the control group, respectively (Fig. 2) . No significant differences in the baseline characteristics were observed between the groups (Table 1) .
Intubation was successful at the first attempt in 533 (98.2% (95%CI 96.6-99.0%)) cases in the study group and in 204 (85.7% (80.7-89.6%)) cases in the control group, p < 0.0001. Out of 10 patients with unsuccessful tracheal intubation at the first attempt in the study group, eight were intubated at the second attempt. Thus, the mean (95%CI) overall intubation success rate in the study group was 99.6% (98.6-100%) (Fig. 3) .
Two patients underwent a surgical airway in the study group, both without a second laryngoscopy attempt. One of those was a patient with severe penetrating neck injury, and a surgical airway was prepared for the primary method but laryngoscopy was attempted once in both cases. Another patient had epiglottitis, and only one laryngoscopy attempt was performed before intubation was declared as futile.
The overall intubation success rate in the control group was similar (99.2% (96.8% to 100%)) to the study group, p = 0.5894. Number of intubation attempts, if more than one, was not recorded in the database during the control period. Tracheal intubation was impossible in two patients in the control group. One patient underwent surgical airway due to facial trauma and an supraglottic airway device was used as a rescue device in one patient.
First attempt success rates were similar in the study group in the first and second study years (2015 and 2016, 98.4 and 98.0%, respectively, p = 0.9999). No differences in success rate were observed between physicians (only 13 physicians who intubated over 20 patients were included in the analysis, p = 0.4270). Also, no significant difference was observed in first attempt success rate between patient categories (p = 0.5966).
Discussion
We have demonstrated that establishing a fixed protocol that employs videolaryngoscopy and a bougie for tracheal intubation can increase success rates in a HEMS setting. Previous literature includes case series of the use of this method for patients with difficult airway [4] [5] [6] 10] . Traditionally, both devices are used separately and generally only in the case of a difficult airway.
The complication rate rises with multiple intubation attempts. In a pre-hospital environment, the complication rate is 8% during the first attempt and 40% during multiple attempts by a single provider [2] . Thus, the improvement of the first-pass intubation success rate with the study protocol is important. The PaƟents included in the study group n = 543
PaƟents analysed in the study group n = 543 Age < 18 years n = 23 n = 42 Figure 2 Patient flow diagrams for the study and control groups. Calls were not attended due to cancellation (no need for critical care interventions) or simultaneous missions of higher priority. HEMS, helicopter emergency medical service; CPR, cardiopulmonary resuscitation.
first-pass success rate of the current study is higher than reported earlier in the similar settings. In a multicentre, physician-staffed HEMS study of 2327 patients, the first pass success rate was 89% [2] . In a physicianstaffed trauma HEMS unit with high case-load and strict protocols, the rate was 88% [11] . The first-pass success rate in our control group are similar to these figures.
The main limitation of the current study is that only one HEMS unit was included, and thus it is difficult to extrapolate to other units. Our unit has a relatively high case-load, treats a mixed patient population and is staffed with a focused team including a physician working almost exclusively in the pre-hospital setting. We do not have data on airway assessment (i.e. Mallampati classification) of the patients. However, the other baseline characteristics did not differ between the groups and consistent differences in the airway anatomy are unlikely. That said, this study has some considerable strengths. First, we used a prospectively collected airway registry with validated data. Secondly, we achieved high levels of protocol compliance (e.g. conventional laryngoscopes were completely removed from airway sets).
Video-assisted laryngoscopy is rapidly becoming more commonly used. In a meta-analysis [3] , videolaryngoscopy led to a higher first-attempt success rate and fewer difficult airway situations compared with direct laryngoscopy for tracheal intubation of critically ill patients in a hospital setting. However, the benefit of videolaryngoscopy has been questioned recently by a randomised trial [12] . In that study, first-pass success rate was relatively low in both groups, which potentially indicates difficulties that are likely not only in the laryngoscopy method but also more likely in the whole process of airway management. The bougie is a basic device used for the difficult airway. It is conventionally used as a part of direct laryngoscopy technique to make tracheal intubation easier. The use of a bougie has been reported to improve the success rate of intubation in difficult cases in the emergency department [13] . The bougie used in this study was the Frova intubating introducer, which has an established high success rate for tracheal placement [14] . The introducer is manufactured using a stiffer material to overcome the excessive flexibility of the gum elastic introducer. However, previous work has confirmed that the gum elastic bougie achieves high success rates [15] , although the latter has not been studied in a HEMS setting. In addition to visual confirmation, the signs of successful tracheal placement of the bougie are the 'clicks' from the tracheal rings and the distal hold-up or cough. The latest evidence suggests the hold-up sign should be used with caution [16] .
Evaluating airway management in a pre-hospital setting is necessary as not all the evidence gathered in hospital can be directly extrapolated. Intubation conditions in the pre-hospital setting are typically more difficult than those in hospital, and no expert backup or special equipment are available outside of the hospital. Pre hospital literature regarding videolaryngoscopy is limited to retrospective studies, case series and very few randomised trials. Surprisingly, in the only randomised trial we could retrieve, success rates with videolaryngoscopy were significantly lower than with direct laryngoscopy (62% vs. 96%) [17] . In this study, despite easy visualisation of vocal cords, a common problem was a failure to advance the tube into the trachea -a problem that can be overcome in many cases by using a bougie.
Implementing videolaryngoscopy in an anaesthetist-staffed pre-hospital critical care system has been reported to lead to high first attempt success rate, 94%, but was associated with difficulties when there Patients included in the study group n = 543
Intubation at first attempt n = 533 (98.2%)
Overall intubation success n = 541 (99.6%) 2nd laryngoscopy successful n = 8 (1.5%)
Failed intubation at first attempt n = 10 (1.8%) Surgical airway n = 2 (0.4%) Figure 3 Success of airway management in the study group.
was blood or secretions in the airway [18] . The C-MAC device enables both direct and video-assisted laryngoscopy, which is potentially beneficial if the view is limited by secretions. A clearly lower first attempt success rate of 79% was reported in a small pre-hospital study with 80 patients whose tracheas were intubated using the C-MAC [19] . We carry out far more tracheal intubations per team member, which may explain our higher first-attempt success rate. Based on our experience and findings, we would recommend that other units should consider our protocol and indeed, if it succeeds, it might also be considered in a hospital setting.
